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(54) Multi-beam particle optical system for inspecting an object in transmission

(57) A particle optical system comprises a beam gen-
erating system (3) configured to generate a plurality of
particle beams (5) and to direct the plurality of particle
beams (5) onto an object plane (7), a first deflector ar-
rangement (35) arranged in the beam path of the particle
beams (5) upstream of the object plane (7) and config-
ured to deflect the plurality of particle beams (5) before
they are incident on the object plane (7), an object holder
(15) configured to hold an object (17) to be inspected in
the object plane (7), a plurality of detectors (27) config-
ured to receive and to detect the plurality of particle
beams (5) having traversed the object plane (7), wherein
the detectors are arranged in a detection plane (21) on
a side of the object plane (7) opposite to the beam gen-
erating system (3), at least one first particle optical lens
(19) configured to collect particles of the particle beams
emanating from the object plane on the detectors (27),
and a controller (31) configured to control the first deflec-
tor arrangement (35) in order to deflect locations of inci-
dence (9) of the particle beams (5) on the object plane
(7) by deflecting the particle beams (5).
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Description

Field

[0001] The invention relates to particle optical sys-
tems. In particular, the invention relates to particle optical
systems in which a particle beam is directed onto an ob-
ject to be inspected and in which particles of the particle
beam having traversed the object are detected.

Background

[0002] A conventional transmission electron micro-
scope (TEM) has a mode of operation in which a focused
electron beam is scanned across a thin object and in
which intensities of electrons having traversed the object
are detected. The intensities detected in dependence of
the various scan position represent a transmission elec-
tron microscopic image of the object. This scanning mode
of operation of the transmission electron microscope is
also referred to as a STEM-mode of operation.
[0003] Conventional transmission electron micro-
scopes are optimized to achieve maximum image reso-
lutions at a relatively small image fields and, accordingly,
a relatively small number of image locations. However,
conventional transmission electron microscopes are less
suited to inspect large image fields at high resolutions
and a high throughput.

Summary

[0004] The present invention has been made taking
the above considerations into account.
[0005] It is an object of the present invention to provide
a particle optical system allowing to obtain image infor-
mation of a thin object by detecting particles having tra-
versed the object at a relatively high throughput and/or
from a relatively large image field.
[0006] Embodiments of the present invention provide
a particle optical system comprising: a beam generating
system configured to generate a plurality of particle
beams and to direct the plurality of particle beams onto
an object plane, a first deflector arrangement arranged
in the beam path of the particle beams upstream of the
object plane and configured to deflect the plurality of par-
ticle beams before they are incident on the object plane,
an object holder configured to hold an object to be in-
spected in the object plane, a plurality of detectors con-
figured to receive and to detect the plurality of particle
beams having traversed the object plane, wherein the
detectors are arranged in a detection plane on a side of
the object plane opposite to the beam generating system,
at least one first particle optical lens configured to collect
particles of the particle beams emanating from the object
plane on the detectors, and a controller configured to
control the deflector arrangement in order to deflect lo-
cations of incidence of the particle beams on the object
plane by deflecting the particle beams.

[0007] The particles forming the particle beams can be
charged particles, such as electrons or ions, such as he-
lium ions, for example.
[0008] A plurality of particle beams are directed onto
the object plane in which the thin object to be inspected
can be located. Locations of incidence of the particle
beams can be arranged at a distance from each other.
The distances between the locations of incidence should
be sufficiently large such that the beam bundles of the
individual particle beams do not overlap in the object
plane. Moreover, the distances between pairs of adjacent
particle beams in the object plane can be a multiple of
the respective diameters of the particle beams in the ob-
ject plane.
[0009] The locations of incidence can be arranged in
a regular pattern, such as a rectangular pattern or a hex-
agonal pattern. The number of the particle beams can
be, for example, greater than 10, greater than 20 or great-
er than 50. The intensity of each particle beam having
traversed the object is detected by a separate detector,
such that image information relating to plural locations in
the object plane can be simultaneously obtained. This
allows to significantly reduce the time necessary for ob-
taining an image of an image field of a given size as
compared to a particle optical system using only one sin-
gle particle beam.
[0010] The plurality of particle beams is scanned
across the object plane by the first deflector arrangement,
such that, within a scanning operation, each particle
beam is directed to a plurality of scan locations, wherein
the intensity of the transmitted particles is detected for
each scan location. Herein, the plurality of particle beams
can be commonly deflected as a beam bundle in order
to direct the particle beams onto the plurality of scan lo-
cations by controlling, for example, a beam deflector to
generate a deflecting field commonly traversed by all par-
ticle beams. As an alternative, it is also possible to indi-
vidually deflect each particle beam by controlling a plu-
rality of beam deflectors, wherein each beam deflector
generates a deflecting field traversed by one particle
beam. Further, it is possible to provide plural beam de-
flectors, wherein each beam deflector deflects a group
of individual particle beams when the plurality of particle
beams is divided into plural groups of particle beams.
The deflecting field can be an electric deflecting field or
a magnetic deflecting field or a combination of electric
and magnetic deflecting fields.
[0011] The particle beams are deflected in order to
scan the particle beams across the object plane. Herein,
it is possible to provide a maximum deflection angle in
order to ensure that the particles of a given particle beam
will be always incident on the detector or the detectors
associated with the given particle beam.
[0012] A maximum deflection of the particle beams
within the object plane occurring during such scanning
operation may correspond to a distance between adja-
cent locations of incidence of the particle beams in the
object plane. The maximum deflection within a scanning
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operation can be much smaller than the lateral extension
of the imaged field of view, accordingly. Such maximum
deflection of the particle beams can be achieved, for ex-
ample, by a symmetric deflection in opposite directions
from a non-deflected position of the beams by an amount
corresponding to half of the maximum deflection.
[0013] An arrangement of a desired number of scan
locations can be determined within a given field of view.
This number can be, for example, an integer multiple of
the number of the particle beams, and the arrangement
of the scan locations may correspond, for example, to a
regular rectangular array. The scan locations within the
field of view can be all scanned within one scanning op-
eration, wherein each individual particle beam is scanned
only across a portion of the total field of view.
[0014] The at least one first particle optical lens directs
the particles emanating from the object plane onto the
detectors, wherein a separate detector is associated with
each particle beam. In particular, the at least one first
particle optical lens focuses the particles emanating from
the object plane onto the detectors. Moreover, the system
can be configured such that the object plane is imaged
by the at least one first particle optical lens into the de-
tection plane.
[0015] The particle beams traverse a contiguous vac-
uum space within a vacuum vessel in which the relevant
components of the beam generating system, the object
and the detection plane of the detectors are arranged.
The controller and some components of the detectors
can be arranged outside of the vacuum vessel.
[0016] According to exemplary embodiments, the par-
ticle optical system comprises a second deflector ar-
rangement arranged in the beam path of the particle
beams between the object plane and the detection plane
and configured to deflect the plurality of particle beams
having traversed the object plane, wherein the controller
is further configured to control the second deflector ar-
rangement such that each particle beam is directed onto
a separate same detector by deflecting the particle
beams deflected by the first deflector arrangement and
having traversed the object plane, irrespective of a de-
flection amount provided by the first deflector arrange-
ment.
[0017] There are technological reasons requiring that
a finite gap remains between adjacent detectors which
can be also understood as pixels of a location sensitive
detector. Therefore, there exist locations within the object
plane which are imaged onto such gap between adjacent
detectors. Particles emanating from such locations in the
object plane can not be directed onto a particle sensitive
surface of one of the detectors. If a particle beam is in-
cident on such location in the object plane, it is not pos-
sible to detect the intensity of the particles of this particle
beam having traversed the object plane. This is the rea-
son why the second deflector arrangement is provided
which deflects the plurality of particle beams having tra-
versed the object plane such that each particle beam is
incident on it’s associated detector irrespective of the de-

flection amount provided by the first deflector arrange-
ment. It is thus possible to obtain image information from
all locations of the object plane even when the particle
sensitive surfaces of the detectors do not cover the full
detection plane onto which the object plane is imaged.
[0018] It is possible that also the second deflection ar-
rangement commonly deflects all particle beams as a
bundle by controlling, for example, one beam deflector
in order to generate a deflection field traversed by all
particle beams. It is, however, also possible that each
particle beam or each group of plural particle beams is
deflected by one of a plurality of individual deflectors
which are controlled to generate plural deflection fields,
wherein each deflection field is traversed by a single par-
ticle beam or a group of particle beams.
[0019] As an alternative to the second deflector ar-
rangement, it is also possible to maintain the deflections
provided by the first deflection arrangement sufficiently
small such that the particle beams are not incident on
locations in the object plane which are imaged onto a
gap between adjacent detectors. In such situation, it is
possible to perform a scanning operation using a maxi-
mum deflection angle such that locations imaged onto a
gap between adjacent detectors are avoided and to sub-
sequently displace the object in a direction orthogonal to
the beam direction by an amount which corresponds to
about one half of the scanned amount. Subsequent to
the displacement, the particle beams can be directed to
those locations which have not yet been scanned.
[0020] Further, it is not necessary to provide only one
detector associated with each particle beam. It is also
possible, to provide plural detectors associated with each
particle beam, wherein the intensities detected by the
plural detectors can be integrated for obtaining the image
information, or these intensities can be processed sep-
arately.
[0021] According to some embodiments, the beam
generating system comprises a separate particle source
for generating each of the plurality of particle beams.
[0022] According to alternative embodiments, the
beam generating system comprises one single particle
source for generating a primary particle beam which is
directed onto a multi-aperture plate having a plurality of
apertures such that the particles of the primary particle
beam traversing the individual apertures form the plural-
ity of particle beams downstream of the multi-aperture
plate.
[0023] According to still further exemplary embodi-
ments, the beam generating system comprises plural
particle sources, wherein each of the plural particle
sources generates a particle beam which is incident onto
a multi-aperture plate having a plurality of apertures form-
ing further divided particle beams.
[0024] According to further exemplary embodiments,
the beam generating system comprises a plurality of sec-
ond particle optical lenses, wherein one or more second
particle optical lenses are disposed in a beam path of
each of the plurality of particle beams, wherein each of
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the second particle optical lenses is traversed by only
one particle beam. With such configuration, it is possible
to change the convergence or divergence of the individ-
ual particle beams and to shape the particle beams in
particular such that they form a focus. Herein, it is in par-
ticular possible, to change a position of such focus in a
direction of the particle beam by changing the power of
the second particle optical lens traversed by the respec-
tive particle beam. It is, in particular, possible to focus
the particle beams in the object plane such that the spatial
resolution with which the image information of the in-
spected object is obtained can be increased. If the beam
generating system comprises a multi-aperture plate hav-
ing a plurality of apertures, the second particle optical
lenses can be provided by applying an electric field be-
tween the multi-aperture plate and a further electrode.
[0025] The at least one first particle optical lens can be
provided by a magnetic field generated by an arrange-
ment of pole pieces and current carrying conductors.
Such structure may also generate a magnetic field pro-
viding plural particle optical lenses arranged at a distance
from each other along the beam path. It is, however, also
possible to provide two or more particle optical lenses by
two or more separate structures generating individual
magnetic fields. According to some embodiments, the
first particle optical lens is configured such that the object
plane is imaged into the detection plane by this first par-
ticle optical lens. According to exemplary embodiments
herein, the first particle optical lenses configured such
that the object plane is magnified into the detection plane,
wherein a magnification factor of the magnified imaging
is, for example, greater than two, greater than five or
greater than ten.
[0026] According to some embodiments herein, the
object plane is imaged into the detection plane by two
particle optical lenses arranged as a telescope, wherein
the object plane is located in a focal plane of a first particle
optical lens and the detection plane is located in a focal
plane of the second particle optical lens. Such telescope
arrangement has an advantage in reducing imaging er-
rors of the imaging.
[0027] According to exemplary embodiments, the
beam generating system comprises at least one third par-
ticle optical lens traversed by all particle beams and ar-
ranged in the beam path upstream of the object plane.
The at least one third particle optical lens can be used
to reduce a distance of the locations of incidence of the
particle beams in the object plane from each other. There
are technological reasons preventing the generation of
particle beams having very small distances from each
other. At a given distance of the generated particle beams
from each other it is thus possible to produce locations
of incidence of the particle beams in the object plane at
a distance from each other which is significantly smaller
than the distance of the generated particle beams from
each other.
[0028] According to alternative exemplary embodi-
ments, the beam generating system does not comprise

such particle optical lens traversed by all particle beams
upstream of the object plane such that the generated
particle beams are directly incident on the object plane.
With such configuration, a reduction of the distances of
the locations of incidence of the particle beams on the
object plane relative to the distances of the generated
particle beams does not occur, allowing for a large image
field.
[0029] According to further exemplary embodiments,
the first deflector arrangement and/or the second deflec-
tor arrangement comprises two deflectors arranged at a
distance from each other along the beam path of the par-
ticle beams, wherein each deflector generates a deflec-
tion field within a region traversed by the particle beams.
The two deflectors can be controlled by the controller
such that a first deflector of the two deflectors deflects
the particle beams in a first direction and the second de-
flector of the two deflectors deflects the particle beams
in a second direction opposite to the first direction. With
such configuration, it is possible to generate a beam dis-
placement without changing a direction of the beam.

Brief Description of the Drawings

[0030] The forgoing as well as other advantageous fea-
tures of the disclosure will be more apparent from the
following detailed description of exemplary embodiments
with reference to the accompanying drawings. It is noted
that not all possible embodiments necessarily exhibit
each and every, or any, of the advantages identified here-
in.

Fig. 1 shows a schematic representation of a particle
optical system according to a first embodiment;

Fig. 2 shows a schematic representation of a particle
optical system according to a second embodi-
ment;

Fig. 3 shows a schematic representation of a particle
optical system according to a third embodiment;
and

Fig. 4 shows a schematic representation of a particle
optical system according to a fourth embodi-
ment.

Detailed Description of Exemplary Embodiments

[0031] In the exemplary embodiments described be-
low, components that are alike in function and structure
are designated as far as possible by alike reference nu-
merals. Therefore, to understand the features of the in-
dividual components of a specific embodiment, the de-
scriptions of other embodiments and of the summary of
the disclosure should be referred to.
[0032] A particle optical system 1 schematically illus-
trated in Figure 1 comprises a beam generating system
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3 for generating a plurality of particle beams 5 and for
directing the plurality of particle beams onto an object
plane 7. Only three particle beams 5 are shown in Figure
1 for ease of illustration. These three particle beams 5
are arranged in a row and are incident on the object plane
7 at three locations of incidence 9 arranged along a line.
A higher number of particle beams can be used in prac-
tice, and the locations of incidence are not necessarily
arranged along a line. In particular, the locations of inci-
dence can be distributed within a two-dimensional field
in the object plane. For example, the locations of inci-
dence 9 in the object plane 7 can be arranged according
to a rectangular lattice or a hexagonal pattern. For ex-
ample, 5 x 5 = 25 or 10 x 10 = 100 particle beams 5 can
be used.
[0033] In the illustrated example, the particle beams
are electron beams. It is, however, also possible to pro-
vide the particle optical system such that it uses ion
beams, such He+-ion beams as the charged particle
beams.
[0034] Each particle beam 5 is generated by a separate
electron source 11 and emerges from the source 11 as
a divergent beam. The divergent beam is formed into a
convergent beam by a particle optical lens 13 such that
a small beam focus is formed in the object plane at the
location of incidence 9.
[0035] The particle optical system 1 further comprises
an object holder 15 configured to hold an object 17 to be
inspected in the object plane 7. A suitable object 17 to
be inspected is sufficiently thin such that the particles of
the particle beams 5 can traverse the object 17. The suit-
able thickness of the object depends on the composition
of the object and the kinetic energy of the incident parti-
cles of the particle beams. At low kinetic energies of the
electrons of the particle beams 5 of about 20 keV, the
thickness of the object is typically with a range from 20
nm to 1000 nm. At higher kinetic energies of the electrons
of, for example, 100 keV, the thickness of the object can
be within a range from 20 nm to 5000 nm, for example.
[0036] The particle optical system 1 further comprises
a particle optical lens system 19 configured to image the
object plane 7 into an image plane 21. In the illustrated
example, the lens system 19 comprises two particle op-
tical lens elements 23 and 25 which are arranged along
the beam path of the particle beams on a side of the
object plane 7 opposite to the beam generating system
3 such that the particles are incident on the image plane
21 after they have traversed the object plane 7.
[0037] In the illustrated example, the object plane 7 is
located in the focal plane of the lens element 23, and the
image plane is located in the focal plane of the lens ele-
ment 25. The lens elements 23 and 25 are arranged at
a distance from each other which corresponds to a sum
of the focal lengths of the lens elements 23 and 25. With
such configuration, parallel particle beams traversing the
object plane are incident on the image plane also as par-
ticle beams, and the beams incident on the image plane
are focused at the image plane. An imaging magnification

of the particle optical imaging of the object plane into the
image plane is defined by a ratio of the focal lengths of
the two lens elements 23 and 25.
[0038] The particle optical system further comprises a
plurality of detectors 27 configured to receive and to de-
tect particles of the particle beams 5 having traversed
the object plane 7. The particle sensitive surfaces 27 are
arranged in a region of the image plane 21, wherein it is
not required that the particle sensitive surfaces 27 exactly
coincide with the image plane 21 provided by the particle
optical lens system 19 as an image of the object plane.
However, the particle sensitive surfaces of the detectors
27 should be arranged sufficiently close to the image
plane 21 such that different particle beams 5 are incident
on different detection surfaces. In the illustration of Figure
1, the particle sensitive surfaces of the detectors 27 are
exactly located in the image plane 21 such that a focus
of the particle beams 5 is formed on the particle sensitive
surfaces of the detectors 27 and such that a size of the
beam spots in which particles are incident on the particle
sensitive surfaces is minimal. With such configuration,
crosstalk between adjacent detectors 27 can be reduced,
and it can also be ensured that the full intensity of each
particle beam is detected by the detector 27 associated
with the respective particle beam.
[0039] The detectors 27 can be semiconductor detec-
tors outputting electric detection signals via connectors
29 connected to a controller 31 of the particle optical sys-
tem so that this controller can input, process and store
the detection signal. According to another example, the
particle sensitive surfaces of the detectors 27 are provid-
ed by a scintillating material generating light pulses upon
incidence of a charged particle, wherein these light puls-
es are collected by light guides coupled to the scintillator
material, and the light guides direct the collected light to
light detectors. Other types of detectors for charged par-
ticles can be also used.
[0040] The particle optical system further comprises a
first deflector arrangement 35 arranged in the beam path
of the particle beams 5 upstream of the object plane. The
first deflector arrangement is configured to deflect the
plurality of particle beams before they are incident on the
object plane. The first deflector arrangement 35 may
comprise, for example, plural electrodes 37 distributed
in a circumferential direction about the bundle of particle
beams 5. The first deflector arrangement is controlled by
the controller 31 and includes one or more control con-
nectors 39 connected to the controller 31.
[0041] In the illustration of Figure 1, the beam paths of
the particle beams are shown without deflection by the
deflector arrangement 35. Only one exemplary deflected
particle beam which carries the reference numeral 5’ is
shown in Figure 1. The deflected beam 5’ is deflected by
the deflector arrangement 35. While only one deflected
beam 5’ is shown in Figure 1 for illustrative purposes, the
deflector arrangement 35 commonly deflects all particle
beams 5 traversing the deflector arrangement, such that
all particle beams 5 are deflected in a same manner.
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[0042] Due to its deflection by the first deflector ar-
rangement 35, the deflected beam 5’ is incident on the
object plane 7 at a location of incidence 9’ arranged at a
distance from the location of incidence 9 at which the
non-deflected beam 5 is incident on the object plane 7.
It is apparent that the particle beams 5 can be scanned
across the object plane 7 by the controlled deflection pro-
vided by the first deflector arrangement 35. When the
object 17 has a structure, the transmission and scattering
properties of the object 17 experienced by the particles
of the particle beams 5 depend on the location within the
object 7 at which the particle beams are incident such
that the intensities of charged particles detected by the
detector 27 depend on the deflection of the particle
beams 5 provided by the first deflector arrangement. By
recording the detected particle intensities in dependence
of the deflection amount, a transmission electron micro-
scopy image of the object can be obtained, and informa-
tion relating to the structure of the object can be obtained
by analyzing the detected intensities.
[0043] The deflected particle beam 5’ shown in Figure
1 also traverses the particle optical lens system 19,
wherein the particle beam 5’ having traversed the object
plane 7 at the location 9’ would be incident on the image
plane 21 at a location 28’ due to the particle optical im-
aging of the object plane into the image plane, as indi-
cated with broken lines in Figure 1.
[0044] In the illustrated example, the first deflector ar-
rangement 35 comprises one single deflector 37, such
that the deflected beam 5’ is incident on the object plane
at the location of incidence 9’ under an angle of incidence
which is different from the angle of incidence under which
the non-deflected beam 5 is incident on the location 9.
Preferably, the first deflector arrangement 35 comprises
two deflectors arranged at a distance from each other in
a direction of the beams. Two separate deflectors allow
to generate a beam displacement such that the deflected
beam 5 is incident on the object plane 7 at the location
9’ under a same angle under which the non-deflected
beam in incident on the location 9. With such arrange-
ment, it is in particular possible that the main axis of the
particle beams are always orthogonally oriented relative
to the object plane, irrespective of the deflection of the
beams. The main axis of a particle beam can be defined
as the straight line forming an axis of symmetry of the
particle intensities within the beam.
[0045] The immediately adjacent particle sensitive re-
gions of the detectors 27 are arranged at a distance d
from each other. The remaining distance can not be ar-
bitrarily small due to technological reasons involved in
the manufacture of the detectors.
[0046] Since the particle sensitive regions of the de-
tectors 27 do not cover the full surface of the image plane
21, it may occur that the deflected particle beam 5’ is
incident onto the image plane 21 at a location which is
outside of the particle sensitive surfaces of the detectors
27. An exemplary location of incidence 28’ of the deflect-
ed beam 5’ outside of the particle sensitive surfaces of

the detectors 27 is shown in Figure 1. This means that
image information can not be collected for all locations
of incidence 9’ in the object plane. For this reason, the
particle optical system 1 further comprises a second de-
flector arrangement 41 provided in the beam path of the
particle beams between the object plane 7 and the image
plane 21. The second deflector arrangement 41 is con-
figured to deflect the plurality of particle beams 5 having
traversed the object plane 7. The second deflector ar-
rangement 41 may have a same or similar configuration
as the first deflector arrangement 35 illustrated above.
Also the second deflector arrangement 41 is controlled
via a connector 43 connected to the controller 31. The
second deflector arrangement 41 is controlled by the con-
troller 31 such that the particle beams having traversed
the object plane 7 are always incident on the same de-
tector 27, or the particle sensitive surface of the same
detector 27, irrespective of an amount of the deflection
provided by the first deflector arrangement 35. In the il-
lustration of Figure 1, the particle beam 5’ deflected by
the first deflector arrangement 35 is deflected by the sec-
ond deflector arrangement 41 such that it is incident on
the image plane 21 at a same location 28 at which the
non-deflected beam 5 is incident on the image plane 21.
This allows to detect the intensity of each particle beam
5 having traversed the object plane 7 by the same de-
tector 27 irrespective of the deflection amount provided
to this particle beam by the first deflector arrangement 35.
[0047] In the illustrated example, the second deflector
arrangement 41 is provided in the beam path between
the particle lens system 19 formed by the lens elements
23 and 25 and the object plane 21. It is also possible,
and preferred in some embodiments, to provide the sec-
ond deflector arrangement within the particle optical lens
system 19 and, in particular such that the deflection oc-
curs within a region in which the focal planes of the two
lens elements 23 and 25 are located.
[0048] Reference numeral 91 in Figure 1 designates a
wall of a vacuum vessel defining a vacuum space in which
the particle sources 11, the object 17 and the detector
27 are commonly housed.
[0049] A particle optical system 1a schematically illus-
trated in Figure 2 has a similar configuration as the sys-
tem illustrated with reference to Figure 1 above. The par-
ticle optical system 1a differs from the system shown in
Figure 1 mainly in that a beam generating system 3a for
generating a plurality of particle beams 5a and for direct-
ing the plurality of particle beams 5a onto an object plane
7a comprises a single particle source 11a for generating
a single divergent particle beam 51. The divergent par-
ticle beam 51 is shaped into a parallel particle beam 55
by a condenser lens 53. A multi-aperture plate 57 is dis-
posed in a beam path of the parallel particle beam 55.
The multi-aperture plate 57 includes a plurality of aper-
tures 59 onto which the beam 55 is incident. Portions of
the beam 55 may traverse the apertures 59 and form the
plurality of particle beams 5a downstream of the multi
aperture plate 57. At the same time, the apertures 59
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have a function of particle optical lenses such that the
particle beams 5a converge after having traversed the
multi-aperture plate 57. The particle beams are con-
verged such that they are focused in the object plane 7a
and traverse the object plane at locations of incidence 9a.
[0050] A first deflector arrangement 35a is disposed in
the beam path of the particle beams 5a upstream of the
object plane 7a. The deflector arrangement 35a is con-
figured to deflect the particle beams before they are in-
cident on the object plane 7a. As illustrated above with
reference to Figure 1, the first deflector arrangement 35a
is controlled by a controller 31a of the particle optical
system 1a in order to scan the locations of incidence 9a
of the particle beams across the object plane 7a. The
locations of incidence 9a in the object plane 7a are im-
aged into an image plane 21a by a particle optical lens
system 19a having two lens elements 23a and 25a. Par-
ticle sensitive surfaces of detectors 27a are disposed in
the image plane 21a in order to detect intensities of par-
ticle beams 5a having traversed the object plane 7a.
[0051] A second deflector arrangement 41a is dis-
posed in the beam path of the particle beam between the
object plane 7a and the image plane 21a. The second
deflector arrangement is configured to deflect the particle
beams 5a having traversed the object plane 7a. Also the
second deflector arrangement 41a is controlled by the
controller 31a such that each of the particle beams 5a
having traversed the object plane 7a is incident on one
detector 27a associated with the particle beam, irrespec-
tive of a deflection amount of the deflection provided to
the particle beams by the first deflector arrangement 35a.
[0052] The lens system 19a comprises two lens ele-
ments 23a and 25a providing a telecentric imaging of the
object plane 7a into the detection plane 21a. This is
achieved by selecting a distance between the object
plane 7a and the lens element 23a such that it corre-
sponds to the focal length f23 of the lens element 23a,
by selecting the distance between the two lens elements
23a and 25a such that it corresponds to the sum of the
focal lengths f23 and f25 of the lens elements 23a and
25a, and by selecting the distance between the detection
plane or image plane, respectively, 21a and the lens el-
ement 25a such it corresponds to the focal length f25 of
the lens element 25a.
[0053] A plate 91 having a circular aperture 93 is dis-
posed in a plane 89 located between the lens elements
23a and 25a at a distance from the lens element 23a
corresponding to the focal length f23 of the lens element
23a. The plane 89 is also a diffraction plane relative to
the object plane 7a such that the plate 91 can be used
to separate bright field electrons having traversed the
object plane 7a substantially without scattering at the ob-
ject 17a from dark field electrons which have been sig-
nificantly scattered by the object 17a. When the aperture
93 has a circular cross section of a suitable diameter,
bright field electrons may traverse the plate 91 while dark
field electrons are intercepted by the plate 91. It is also
possible to provide the aperture 93 such that it has a ring-

shaped cross section, such that dark field electrons may
traverse the aperture via the ring-shaped aperture while
bright field electrons are intercepted by the central portion
of a plate 91.
[0054] A particle optical system 1b schematically illus-
trated in Figure 3 has a similar configuration as the sys-
tem illustrated with reference to Figure 2 above. In par-
ticular, a single particle source 11b is used to generate
a particle beam 55b which is incident on a multi-aperture
plate 57b having a plurality of apertures 59b in order to
generate a plurality of particle beams 5b. Figure 3 shows
an extraction electrode 61 for extracting a divergent par-
ticle beam 51b from the source 11b, and an anode 63
for accelerating the particles of the beam 51b to a desired
kinetic energy. A further electrode 65 is disposed in the
beam path downstream of the multi-aperture plate 57b.
The electrode 65 has a central aperture traversed by the
plurality of particle beams 5b. Electric potentials applied
to the source 11b, the electrodes 61, 63, 65 and the multi-
aperture plate 57b are set by a controller 31b of the par-
ticle optical system 1b. An electric field generated be-
tween the multi-aperture plate 57b and the electrode 65
has an effect that the apertures 59b provide a function
of particle optical lenses such that foci 69 of the particle
beams 5b are formed in a plane 67 downstream of the
multi-aperture plate.
[0055] The particle optical system 1b shown in Figure
3 differs from the embodiments illustrated with reference
to Figures 1 and 2 above in that an object 17b to be
inspected is not disposed in the plane 67. Moreover, a
particle optical system imaging the plane 67 into the ob-
ject plane 7a is provided between the plane 67 and the
object plane 7b. Since the plane 67 is imaged into the
object plane 7b, also the foci 69 of the particle beams 5b
are imaged into foci in the object plane 7b were the par-
ticle beams are incident on the object plane 7b at loca-
tions of incidence 9b.
[0056] In the illustration of Figure 3, the distances be-
tween adjacent foci 69 are equal to distances between
adjacent foci 9b, and the imaging of the plane 67 into the
object plane 7b has a magnification factor of one for ease
of illustration. The imaging system 71 comprises two par-
ticle optical lenses 73 and 75 and will provide a demag-
nifying imaging of the plane 67 into the object plane 17b
in practice. With such demagnifying imaging it is possible
that a distance between adjacent locations of incidence
9b of the particle beams 5b in the object plane 7b is sig-
nificantly smaller than a distance between adjacent ap-
ertures 59b of the multi-aperture plate 57b.
[0057] The embodiments illustrated with reference to
Figures 1 and 2 above do not include an imaging system
71 having lens elements 73 and 75 traversed by all par-
ticle beams as shown in Figure 3. In the embodiments
of Figures 1 and 2, the distance between adjacent loca-
tions of incidence of the particle beams on the object
plane is substantially equal to the distance between ad-
jacent elements used to generate the individual particle
beams. Still, also in these embodiments, it is possible
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that the locations of incidence of the particle beams on
the object plane have a smaller distance from each other
than the elements used for generating the particle
beams. This can be achieved, for example, when the
beam 55 incident on the multi-aperture plate 57 shown
in Figure 2 is a convergent beam rather than a parallel
beam. If the beam 55 incident on the multi-aperture plate
57 is a convergent beam, also the particle beams formed
downstream of the multi-aperture plate 57 will converge,
such that the distance between adjacent beams reduces
with increasing distance from the multi-aperture plate.
[0058] Also the particle optical system 1b comprises a
first deflector arrangement 35b for deflecting the particle
beams 5b upstream of the object plane 7b, and a second
deflector arrangement 41b for deflecting the particle
beams 5b between the object plane 7b and an image
plane 21b. The detectors 27b are provided for detecting
intensities of the particle beams 5b having traversed the
object plane 7b. The controller 31b controls the first de-
flector arrangement 35b in order to change the locations
of incidence 9b of the particle beams 5b on the object
plane 7b by deflecting the particle beams 5b upstream
of the object plane 7b. Moreover, the controller 31b con-
trols the second deflector arrangement 41b such that
each particle beam 5b of the plurality of particle beams
having traversed the object plane 7b is always incident
on the same detector 27b associated with this particle
beam, irrespective of an amount of deflection provided
to the particle beams by the first deflector arrangement
35b.
[0059] A particle optical system 1c shown in Figure 4
has a similar configuration as the system illustrated
above with reference to Figure 2. In particular, a beam
generating system 3c for generating a plurality of particle
beams 5c and for directing the plurality of particle beams
onto an object plane 7c comprises a particle source 11c
for generating a divergent particle beam 51c formed into
a parallel or collimated particle beam 55c by a condenser
lens 53c. A multi-aperture plate 57c is disposed in a beam
path of the parallel particle beam 55c. The multi-aperture
plate 57c comprises a plurality of apertures 59c such that
particles of the beam 55c traversing the apertures 59c
form the plurality of particle beams 5c downstream of the
multi-aperture plate 57c. Moreover, the apertures 59c
have an effect of forming particle optical lenses 13c fo-
cusing the particle beams 5c such that particle beam foci
are formed at locations of incidence 9c of the particle
beams on the object plane 7c.
[0060] An object mount 15c carries an object 17c to be
inspected such that it is located in the object plane 7c.
Particle beams 5c having traversed the object 17c are
incident on detectors 27c having particle sensitive sur-
faces located in a detection plane 21c.
[0061] Each particle beam of the plurality of particle
beams is always incident on a same detection surface
of a detector associated with the particle beam if one
detector is associated with one particle beam. Alterna-
tively, each particle beam is always incident on the same

detection surfaces of plural detectors if plural detectors
are associated with one particle beam. Each particle
beam is incident on the same detector\(s), irrespective
of deflection amounts generated by the first deflector ar-
rangement 37c1, 37c2.
[0062] The particle beam system 1c differs from the
embodiments illustrated with reference to Figures 1 to 3
above in that a lens system imaging the object plane 7c
into the detection plane 21c and including one or more
lens elements traversed by all particle beams of the plu-
rality of particle beams is not provided. However, the par-
ticle optical system 1c comprises a plurality of particle
optical lenses 19c, wherein each of the plurality of particle
optical lenses 19c is traversed by one particle beam 5c
in order to direct the particle beam 5c onto one of the
detectors 27c. The particle optical lenses 19c are provid-
ed by apertures 83 of a second multi-aperture plate 81
located in the beam path between the object plane 7c
and the detection plane 21c. The particle beams 5c which
are focused as convergent beams onto the object plane
9c are divergent beams immediately downstream of the
object plane. The particle optical lenses 19c reduce the
divergence of the particle beams or shape the divergent
particle beams to form convergent beams subsequent to
their traversal of the particle optical lenses 19c. This al-
lows to reduce the diameter of the particle beams incident
on the detection plane 21c such that each particle beam
is fully incident on a particle sensitive region of the asso-
ciated detector 27c. It is also possible that each lens 19c
images a portion of the object plane 7c into the detection
plane 21c such that foci of the particle beams 5c are
formed in the detection plane 21c. This is not required,
however. Moreover, it can be advantageous if the beam
foci formed on the detectors 27c are not too small and
that extended regions of the detections surfaces of the
detector 27c are used for detecting particle intensities. A
first deflector arrangement 35c is disposed in the beam
path between the particle source 11c and the object plane
7c in order to deflect the plurality of particle beams before
they are incident onto the object plane. The deflector ar-
rangement comprises two deflectors disposed at a dis-
tance from each other along the beam path of the particle
beams and include electrodes 37c1, 37c2 and connectors
39c1 and 39c2 connected to a controller 31c. One of the
three particle beams 5c shown in Figure 4 is shown as
a deflected particle beam 5c in broken lines in Figure 4.
The first deflector in the beam path including the elec-
trodes 37c1 deflects the beam 5c’ in a first direction while
the subsequent second deflector in the beam path having
the electrode 37c2 deflects the beam 5c’ into an opposite
second direction such that the axes of the beam 5c’ in-
cident onto the object plane 7c at a location of incidence
9c’ is orthogonal to the object plane 7c.
[0063] A second deflector arrangement 41c is provided
in the beam path between the object plane 7c and the
detection plane 21c for ensuring that each deflected
beam is always incident on its associated detector 27c.
Also the second deflector arrangement 21c comprises

13 14 



EP 2 854 153 A2

9

5

10

15

20

25

30

35

40

45

50

55

two deflectors having electrodes 40c1 and 40c2 and con-
nectors 43c1, 43c2 connected to the controller 31c. Also
the deflectors having the electrodes 40c1 and 40c2 de-
flect the beams 5c subsequent to their traversal of the
object plane 7c in opposite directions, such that the de-
flection of the beams provided by the first deflector ar-
rangement 35c is compensated and each particle beam
5c is always incident on the same detector 27c associ-
ated with the beam.
[0064] The charged particle beam system 1c shown in
Figure 4 has one single particle source, and a multi-ap-
erture plate is used to generate the plurality of particle
beams. It is, however, also possible to provide plural par-
ticle sources as illustrated with reference to Figure 4 in
order to generate the plurality of particle beams 5c in the
particle beam system 1c.
[0065] While the disclosure has been described with
respect to certain exemplary embodiments thereof, it is
evident that many alternatives, modifications and varia-
tions will be apparent to those skilled in the art. Accord-
ingly, the exemplary embodiments of the disclosure set
forth herein are intended to be illustrative and not limiting
in any way. Various changes may be made without de-
parting from the scope of the present disclosure as de-
fined in the following claims.

Claims

1. A particle optical system comprising:

a beam generating system (3) configured to gen-
erate a plurality of particle beams (5) and to di-
rect the plurality of particle beams (5) onto an
object plane (7);
a first deflector arrangement (35) arranged in
the beam path of the particle beams (5) up-
stream of the object plane (7) and configured to
deflect the plurality of particle beams (5) before
they are incident on the object plane (7);
an object holder (15) configured to hold an object
(17) to be inspected in the object plane (7);
a plurality of detectors (27) configured to receive
and to detect the plurality of particle beams (5)
having traversed the object plane (7), wherein
the detectors are arranged in a detection plane
(21) on a side of the object plane (7) opposite
to the beam generating system (3);
at least one first particle optical lens (19) config-
ured to collect particles of the particle beams
emanating from the object plane on the detec-
tors (27); and
a controller (31) configured to control the first
deflector arrangement (35) in order to deflect
locations of incidence (9) of the particle beams
(5) on the object plane (7) by deflecting the par-
ticle beams (5).

2. The particle optical system according to claim 1, fur-
ther comprising a second deflector arrangement (41)
arranged in the beam path of the particle beams be-
tween the object plane (7) and the detection plane
(21) and configured to deflect the plurality of particle
beams (5) having traversed the object plane (7);
wherein the controller (31) is further configured to
control the second deflector arrangement (41) such
that each particle beam (5) is directed onto a sepa-
rate same detector (27) by deflecting the particle
beams (5) deflected by the first deflector arrange-
ment (35) and having traversed the object plane, ir-
respective of a deflection amount provided by the
first deflector arrangement (35).

3. The particle optical system according to claim 1 or
2, wherein the beam generating system (3) compris-
es a separate particle source (11) for each generated
particle beam (5).

4. The particle optical system according to claim 1 or
2, wherein the beam generating system (3a) com-
prises a particle source (11a) for generating a pri-
mary particle beam (51) and a multi-aperture plate
(57) having a plurality of apertures (59) arranged in
the beam path of the primary particle beam in order
to generate the plurality of particle beams (5).

5. The particle optical system according to one of
claims 1 to 4, wherein the beam generating system
(3) comprises a plurality of second particle optical
lenses (13), wherein at least one of the second par-
ticle optical lenses (13) is arranged in a beam path
of each of the plurality of particle beams (5); and
wherein, in particular, the second particle optical
lenses (17) comprise apertures (59) of a multi-aper-
ture plate (57).

6. The particle optical system according to one of
claims 1 to 5, wherein the beam generating system
(3) is configured to focus each of the plurality of par-
ticle beams (5) in the object plane (7).

7. The particle optical system according to one of
claims 1 to 6, wherein the particle optical system (3)
is free of a particle optical lens arranged in the beam
path upstream of the object plane (7) and traversed
by all particle beams (5).

8. The particle optical system according to one of
claims 1 to 7, wherein the beam generating system
(3b) comprises at least one third particle optical lens
(73, 75) arranged in the beam path upstream of the
object plane (7) and traversed by all particle beams
(5b).

9. The particle optical system according to one of
claims 1 to 8, wherein the at least one first particle
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optical lens (23, 25) is configured to image the object
plane (7) into the detection plane (21); and
wherein, in particular, the at least one first particle
optical lens (23, 25) is configured to image the object
plane (7) into the detection plane (21) with a magni-
fication greater than 2.

10. The particle optical system according to claim 9,
wherein the at least one first particle optical lens (23,
25) comprises two particle optical lens elements,
wherein a first particle optical lens element of the two
particle optical lens elements is arranged at a dis-
tance from the object plane corresponding to a focal
length of the first lens element,
wherein a second particle optical lens element of the
two particle optical lens elements is arranged at a
distance from the first particle optical lens element
corresponding to a sum of the focal length of the first
particle optical lens element and a focal length of the
second particle optical lens element, and wherein
the detection plane is arranged at a distance from
the second particle optical lens element correspond-
ing to the focal length of the second particle optical
lens element.

11. The particle optical system according to claim 10,
wherein the second deflector arrangement compris-
es a deflector arranged in the beam path of the plu-
rality of the particle beams between the first and sec-
ond lens elements and at a distance from the first
particle optical lens element corresponding to the
focal length of the first particle optical lens element.

12. The particle optical system according to claim 10 or
11, further comprising a plate arranged in the beam
path of the plurality of the particle beams between
the first and second lens elements and at a distance
from the first lens element corresponding to the focal
length of the first particle optical lens element, where-
in the plate has a circular aperture or a ring-shaped
aperture.

13. The particle optical system according to one of
claims 1 to 8, wherein a plurality of the first particle
optical lenses is provided, and wherein one of the
first particle optical lenses (19c) is arranged in a
beam path of each of the plurality of particle beams
(5c) having traversed the object plane.

14. The particle optical system according to claim 13,
wherein the first particle optical lenses comprise ap-
ertures (83) of a multi-aperture plate (81).

15. The particle optical system according to one of
claims 1 to 14, wherein the first deflector arrange-
ment comprises two deflectors arranged at a dis-
tance from each other in the beam path of the plu-
rality of the particle beams; and/or wherein at least

one of the first deflector arrangement (35) and the
second deflector arrangement (41) comprises a plu-
rality of electrodes (37) distributed in a circumferen-
tial direction about the plurality of particle beams (5).
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